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PROCEZSS FOR THE PREPARATION OF
CARBODIIMIDE-ISOCYANURATE FOAMS

The present invention relates to a.process foé the
preparation of foams characterized by carbodiimide and
5 isocyanurate linkages. More particularly, the invention
relates to the use of a co-catalyst system comprising a
C;—Cs alkali metal carboxylate and a carbediimide-promoting
éompound in the preparation of foams characterized by

‘carbodiimide and isocyanurats linkages.

10 The preparation of rigid foams characterized by
carbodiimide and isocyanurate linkages is well known in the
art as evidenced by inter alia U.S. Patents Nos. 3,645,923;
3,657,161; 3,717,596; 3,723,366; and 3,746,709. Generally,
these foams are prepared by catalytically condensing’' an

15 'organic.polyisocyanate.in the presence of a compound whi&h
promotes the carboaiimide.reaction an@-a compound whict |
promotes the trimerization reaction. ﬁep:esentative tri-
merization compéuhds known in the ért‘include: (a) organié

strong bases, (b) tertiary amine cocatalyst combinations,

20 (c) Friedel-Crafts catalysts, (49 basic salts of carboxvliic

=]



WU

)

0002281

-2~ 0.2. 2970/C0941
acids, (e) alkali metal oxides, alkali metal alcoholates,
alkali metal phenolates, alkali metal hydrofides and alkali
metal carbonates, (£) onium cohpounds from nitrogen,

vhosphorus, arsenic, antimony, sulfur and selenium and (g)

monosubstituted menocarbamic esters.

The present invention relates to novel catalyst
systems for the preparation of foams characterized by,cérbo-
diimide and isocyanurate linkages. The catalyst sysiems
employed in the present invention comprise a carbodiimide-
promoting ccmpound and certain C,-Cg alkali metal carboxylates
The catalyst systems of the subject invention allow for the
prépération of foams by initiation at ambient temperatures
without extermal héat. The reaction occurs very rapidly and

provides fully cured foams in record -times.

As mentiocned abcve, the pfesent invention relates
to the preparation of foams characéarized by carbodiimide
and isocyanurate linkageé by catalytically condensing an
organic.pclyisocyénate in the presénce of a compbund which
promotas the carbodiimide reactién.and a C;-C3 alkali metal

carboxvlate which promotes the trimerization reaction.

Representative C;—Cg alkali metal carboxylates of
use in the subject invention inciude the sodium and potassium
salts of formic, acetic, propioric, butanoic, 2-methyl-
propionic, pentanqic, 3-methylbitanoic, 2,2-dimethylpropionic,
hexanoic, Z,Z;dimethylbutanoic,'3;3-dimethylbutanoic, 2-

ethylbutanoic, 2- or 4-methylpentanoic, heptanoic, 2,2-
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dimethylpentanoic, octanoic, 2=-ethylhexancic, 2-propyvl-
pentancic, 2,2~dimethylhexanoic, cyclobutanecarboxylic,
cyclopentanecarboxylic, cyclohexanecarhcxylic, cyclchexyl-

acetic, malonic, succinic, glutaric, adipic, pimelic, and

suberic. Generally from 0.1 to 10 percent by &eight of

Ci—Cg'alkali metal carboxylate based on the weight of *ha
organic polyisocyanate will be employed in the prcéesé oL
the subject invention.

In addition to a C,~Cg alkali metal carboxylate,
carbodiimide~promoting compound is employed in the process
of the subject.invention. Representative compounds which'
promote the carbodiimide reaction include phosphorus com-
pounds such as phospholene oxide, aliphatic alcohols sﬁ&gfas
methyl aléohol and furfuryl alcohol; amino-;;cohols ha?ing a
molecular weight of from 89 to 304 such as/ﬁ,N-dialkyl-
aminoalkanols, triethanolamine, N-2-hydroxyethylmorpholize
and N,N,N',N'-tetrakis(2-hydroxypropyl)ethylene diamine and
s-triazine compounds such as 2,4,6-tris(diethanolamino)-s-~
triazine, 2,4,6-tris(N-methylethanolamino)}-s-triazine, and

unsymmetrically substituted triazines of the formula:

H - CR,CR,OH

c C—N

f /
SN e
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‘wherein R is hydrogen or lower alkyl of from 1 to 10 carbon
atoms, R! is €R,CR,0H or lower alkyl of from 1 to 12 carbon
atoms, X is NR;, alkoxy of from 1 to 12 carbon atoms, phenoxy,!
alkyl of from 1 -to 12 carbon atoms, phenyl, hydroxyl, halogen,?
aziridyl, pyrrolidyl, piperidyl, or N-alkylpiperazyl. Since é
the txriazines are unsymmetrically substituted; it is apparent

that each X cannot concurrently be

CR,CR,0H

N
\RL

wherein each R and R! is the same. Generally from about
0.1% to 10% by weight of carbodiimide-pzromoting comégund
based on the weicht of organic polyisocyanate will be
employed in the subject invention.

The organic polyisccyanate used in tﬁe preparation
of the foams in the process of the subject invention cor=-
responds to the formula:

P."(Nf:O)z I
wherein R" is a polyvalent organic radical which is either
alipkatic, aralkyl, alkaryl, aromatic or mixtures thereof,
and z is an integer which corresponds to the.valence cf R"
and is at least two. Represeﬁtative cf the organic poly-
isocyanates contemplated herein iﬁcludes, for example, the
aromatic diisocyanates, such as 2,4-toluene diisocyanate,
2,6-toluene diisocyanate, mixtures of 2,4- and 2,6~toluene
diisocvanate, crude toluene diisocyanate, methylene diphenyl

1S - 7 ol
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diisocyanate, crude methylene diphenyl diisocyanate and the-

like; the aromatic triisocyanates such as 4,4',4"-triphenyl-
methane triisocyanate, 2,4,6-toluene triisocyanate; the |
aromatic tetraisocyanates such as 4,4'-dimethyldiphenyl-
methane-2,2',5'~-tetraisocyanate, and the like; arylalkyl
polyisocyanates, such as xylylene diisocyanate; aliphatic
polyisocyanates, such as hexamethylene-l,6—diisoc¥anate,
lysine.diisocyanate metlyl ester and the l%ke; and mixtures

therecf. Other organic polyisocyanates include polymeﬁhglene

polyphenylisocyanate, hydrogenated methylene diphenyliso-
Cyanate, m-phenylene diisocyanate, naphthylene-l,5-diiso-
cyanate, l-methoxyphenyl-2,4-diisocyanate, 4,4'-biphenyienez
diisocyanate, 3,3'-dimethyl-4,4'-biphenyl diisocyanate, and
3,3'=dimethyldiphenylmethane-4,4'~diisocyanate.

These polyisocyanates are prepared by Eonventional
methods known in the art such as the phosgenation of the
corresponding organic amine.

Still another class of organic polyisocvanates
contemplated for use herein are the so-called “quasi-
prepolymers”. These quasi-prepolymers are prepared by
reacting an excéss of organic polyisocyanate or mixtures
thereof with a minor amount of an active hydrogen-containing
compound as determined by the well-known Zerewitinoff test,

as described by Kohler in Journal Of The American Chemical

Societv, 49, 3181 (1927). These compounds and their methods

of preparation are well known in the art. The use of any
' - J
i



10

15

20

25

- 0002281

-5~ 0.Z. 2970/00941
one specific active hydrogen compound is not critical hereto,

rather any such compound can be employed herein.

Suitable active hydrogen-containing groups as
determined by the Zerewitinoff method which are reactive
with an isocyanate group include -0H, -NH-, -COOE, and =S¥.
Examples of suitable types of organic compounds containing
at least two active hydrogen-containing groups which are
reactive with an isocyanate group are hydroxyl-terminated
polyesters, polyalkylene ether polyols, hydroxyl-términated
polyurethare polymers, polyhydric polythioethe;s, alkylgng
oxide adducts of phosphorus-containing acids, polyacetals,
aliphatic polyols, aliphatic'thiols including alkane, alkene
and alkyne thiecls having two or more -SH groups; diamines
including Eoth aromatic aliphatic and heterocyclic diamines,
as well as mixtures thereof. Compounds which contain two or
more diffeient groups within the above-defined classes may
also be used in accordance with the process of the present
invention such as, for example, amino alcohols which contain
an amino group and a hydroxyl group. Also, compounds may be

used which contain one ~SH group and one -0H group as well

' as those .which contain an amino group and a ~SH group.

Any suitable hydroxy-terminated polyester may be
used such as are obtained, for example, from polyéarboxylic
acids and polyhydric alcohols. Any suitable polycarboxylic
acid may be used such as oxalic acid, malonic acid, succinic

acid, glutaric acid, adipic acid, pimelic acid, suberic

n o4
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acid, azelaic acid, sebacic acid, brassylid’écid, thapsic |
acid, maleic acid, fumgric acid, glutacdnic acid, wu-nydro-
muconic acid, B-hydromuconic acid, a-butyl-e¢—ethyl-gluzar:
acid, o,B~diethylsuccinic acid, isophthalic acid, tere-
phthalic acid, hemimellitic acid, and 1,4-cycldhexane-
dicarbexylic acid. Any suitable polyhydric alcohcl, in-
cluding both aliphatic and aromatic, may be used such as
ethylene glycol, 1, 3-pronylene glyveol, 1l,2-propylene giyccl,
1,4~-butanediol, 1, 3-butanealol l,2-butylene glycol, 1,5-
pentanediol, 1,4-pentanediol, 1,3-pentanediol, 1,6-hexane-
diocl, 1,7-heptanediol, glycerol, 1,1,l-trimethylolpropane,
1,1,1~trimethylolethane, hexane-1,2,6-triol, «-methy

clucos;de, pentaerythritol, and sorbitol. Also i‘bluded

within thée term "polyhydric alcohol'" are compounds derived
from phencl such as _,Z-bls(4-hydroxynhenvl)nronare, com-
monly known as Bisphenol A.

The hydroxy-terminated polyester may also be a
polyester amide such as is obtained by including some amine
"or amino alcohol in the reactants for the Drena*a**on of the
polfesters. Thus, polyester amides may be cbtained by
condensing an amino alcohol such as ethanolamine with the
polycarboxylic acids set forth above, or tiey may be made
uéing the same components that make up the hydroxy-termi-
nated polyester'with only a portion of the components being
a diamine such as ethylenediamine.

Any suitable pclyalkylene ether pelyol may be used

-

- 4 .
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such as the polymerizaticn product of an alkylene oxide or

of an alkylene oxide with a polyhydric alcohol. Any suit-
able polyhydric alcohol may be used such as those diselosed
above for use in the preparation.of the hydroxy-termiﬁated.
polyesters. Any suitable alkylene oxide may be used such -3
ethylene oxide, propylene oxide, butylene oxiée, amylene
oxide, and mixtures of these oxides. The polyalkyleﬁe
polyether polyols may ke prepered from other starting
materials such as tetrahydrofuran and alkylene oxide-
tetranydrofuran mixtures; epiha;ohydzins such as epichloro=-
hydrin; as well as aralk?lene‘oxides such as styrene oxide.

The pclyalkylene polyether polyols may have either primary

-or secondary hydroxyl groups and, preferably, are polyethers

prepared from alkylene oxides having from two to six carbon

atoms such as polyethylene ether glycols, polypropylene

ether glycols, and polybutylene ether glycols. The poly=-
alkylene polyether polyols may be prepared by any known
process such as, for example, the proceés disclosad by. Wurtz

in 1859 and Encyclopedia Of Chemical Technologv, Vol. 7, pp.

257-262, published by Interscience Publishers, -Inc. (1951)°
er in U.S. Patent No. 1,922,45S. Alkylene oxide adducts of
Mannich eondensation.products are also useful in the
inventioen. . |
Alkylene oxide adducts of acids of phesphorus -
which may be used include those neutral adducts prepared

from the alkylene oxides disclosed above for use in the -

[ v o



0002281

-9- C.Z. 2370/0C941
preparation of polyalkylene polyether polyols. Acids of
pPhosphorus which may be used are acids having a 2,05
equivalency of from about 72% to about 95%. The phosphoric
acids are preferred.

5 . Any suitable hydroxy-terminated polyacetal may be
used such as, for example, the reaction product of for-
maldehyde or other suitable aldehyde with a dihydric alccisl
or an alkylene oxide such as those disclosed abcve:

Any suitable aliphatic thiol including alkane
i thiols containing at least two =-SH groups may be used such
as 1,2-ethanedithicl, 1,2-propanedithiol, 1,3-propanedi-
thiocl, and l,6—hexaheaithiol; alkenethiols such aé 2-butane=-
'l}é—dithiol, and alkynethiols such as 3-hexyﬁe~l,6—dithiol.
- Any sﬁifable polvamine may be used including
15 aromatic polyamirnes such as methylene dianiline, polyaryl-

polyalkylene polyamine (crude methylene dianiline), p-amino-

aniline, 1,5-diaminonaphthalene, and 2,4-diaminotoluene;

aliphatic polyamines such as ethylenediamine, 1,3-butylens-

diamine, as well'as substituted secondary derivatives thereof.
20 In addition to the above hydroxyl-containing

compounds, other compounds which may be emploved include

graft polyols. These polyols are prepared by the in situ

-

polymerization product of a vinyl monomer in a reactive
polyol medium and in the presence of a free radical in-

25 itiator. The reaction is generally carried out at a temp-

erature ranging from about 40°C..to 150¢°cC.
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The reactive polvel medium .-generally has a mo-

lecular weight of at least about 500 and a hydroxyl number
ranging frcm about 30 to about &00. The graft polyol has a
molecular weight of at least about 150C and a viscosity of
less than 40,000 cps. at 10% polymer concentrationﬂ

A more comprehensive discussion of the graft

polyols and their methed of preparation can be found in U.S.

1

Patents Nos. 3,383,351; 3,304,273; 3,652,639, and 3,823,201,
the disclosures of which are hereby incorporated by reference.
Also, polyols containing ester groups can be
employed in the subject invenfion. gThese polycls are pre-
pared by the reacticn of an alkylene oxide with an organic
dicarboxylic acid anhydride and a cdmpound containing a
reactive hydrogen atom. A more comﬁ:ehensive discussion of

these polyols and their method of préparation can be found

in U.S. Patents Nos. 3,585,185; 3,619,541l; and 3,639,542,

As is.clear from the above, the particular polyol ingredient

employed in the preparation of the ¢uasi-prepolymer is not a

critical aspect of the present invention. Any compound

containing'at least two :eéctive sydrogen atoms may be so
used. Particularly preferred com;ounds are those having an
equivalent weight between 100 and 1500.

If desired, the process of the subject invention
can be carried out by condensingfan organic polyisocyanate
in the presence of a polyol. Ay of the organic compounds

containing at least two active hydrogen-containing groups
) ) 3
[
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reactive with an isocyanate group described above in con-

nection with the preparation of the "quasi;prepolymers" may
bé employed in the subjéct invention.” Generally, the amouht
of polyol employed will be from 5% to 70% by weight,'pre—
ferably from 5% to 20% by weight, based on the wéight of the
organic polyisocyanate. If a polyol is employed in the
process of the subject invention it is preferred to also
employ a urethane.catalyst-

Urethane catalysts which may be employed in tbe,
present invention are well known in the art and 1nclude the
metal or organometallic salts of carboxylic-acid and
te;tiary amines. - Representative of such,;ompounds’are:
dibutyltin dilaurate, dibutyltin diacetate, stannous octoate,
l=ad oétoa;e, cobalt naphthenate, and other metal or organé-
metallic salts of carboxylic acids in which the metal is
blsxuth. titanium, iron, ahtimony, uranium, cadmium, aluminum,
meréury, zinc, aor nickel as well as other organcmetallic
compuyunds such as are disclosed in U.S. Patent No. 2,846,408.
Tertiiry amines.such.as triethylenediamine, triethylamine,
diethy'cyclohexylamine, N-ethylmorpholine and diethyle§hanol-
amine uay also be employed as well as'mixtures of any of the
above. The preferred urethane-promoting catalyst is di-
butyliin diacetate. Generally, the amount of urethane-
promo1§ng cata;yst employed will be froﬁ 0.01% to 16% bv
weighﬂibased on the weighﬁ of organic polyisocyanate.

The foams of the present invention are prepared by

o ’ o
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mixing together the organic polyisocyanate, optiocnally a.

polyol, and the catalysts at ambient temperatures. Under
such conditions almost immediately an exo;perﬁ is developed
within the reaction system, carbon diqxidé is generated and

foam formation begins. Alternatively, the foams may be

prepared by adding the polyolé and the catalysts to the

mixture of polyisocyanate and an auxiliary Elowing agent,
preferably a halohydrocarbon.' . |

The present invention also contem;lates the in-
corporation of additional ingredients in tﬁe foam for-
mulation to tailor the properties thereof.:irhus, plasti-
cizers, surfactants, such as the silicone sﬁrfactants,
e.g. alkylpolysiloxanes, may be employed in’ the invention.
Further additional ingredients include auxiliiry or sup-
plemental blowing agents, such as water or h}lohydrccarbons.
Also, inorganic fillers, pigments, and the Eike can be used.

In any event, the foams prepared il accordance
herewith are rigid cellular products havingfa density of
from about one pound fo forty pounds per cubic foot which .
exhibit excellent strength and flame properﬁies, such as
fire resistance, low smoke evolution, and eéce;lent weight

retention.

Following are specific, non-limiting s2xamples

which are provided to illustrate the enumeratec%principleé

-

- described herein. All parts are by weight unle s otherwise

indicated. In the examples which follow,,tﬁérfollowing

I 4
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employed:

DMT -~

Fa

SS

2A
NaA
PEZ

PF

F-11B
Ph.0O.

Polyol a&

a mixture of 80/20 by weight 2,4-,
2,6~tolylene diisocyanate

polymethylene polyphenyl polyisocfanate
methylene diphenyldiisocyahate
1,3,5-tris(N,N~dimethvlaminopropyl)-s=~
hexahydrotriazine '
N,N—dimethylaminoethanol
2,4-bis(diethylamino)~6~N-methylethanol-
amino-s-triazine

methanol .

furfuryl alcohol

polyalkylsiloxane~polyvoxyalkylene

- copolymer, a foam stabilizer

potassium acetate

sodium acetate

potassium 2-ethylhexanoate

potassium formate

potassium propicnate
trichloroflucromethane
3-methyl-l-phenyl-l-phospha-3-cycio=-
pentene-l-oxide

a polycl prepared by the reaction of
ethylene oxide with trimethylolpropane,
said polyol having an equivalent weight

of 250
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Polyol B - a polyol prepared by the reaction of 1

propylene oxide with trimethyolpropane,

said polyol having an equivalent weight .
of 100 '

Polyol C - a polyol prepared by the reaction of
propylene oxide with pentaerythritol,
said polyol having an equivalent weight
of 100 .

Polyol D - an ester-containing polvol prepared by
the reaction of propylene oxide with the
product of the reaction of one mole of
tetrabromophthalic anhydride with one _
mole of the propylene oxide adduct of
pentaerythritol, said polyocl having an
equivalent weight of 235.

Examples I - XVI

A series of foams was prepared by mixing in a
ve;sel at high speed, a stream of polyisocyanate and
optionally a blowing agent, and a_stréam containing
cafalysts and a surfactant. Thereafter the résulting
mixture was cast in a mold and the foams were allowed to
free rise. The ingredients emploved, amounts thereof, and
reactivity profiles of the -formulations are presented in

_Table I, below. Infrared spectrascepic analyses of the

foams indicate the presence of carbodiimide and isocyanurate

linkages.

L -
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Examples XVIII - XXV

A series of foams was prepared by mixing in a
vessel at high speed a stream of polyisocyanate and a '
blowing agent and a stream containing a surfactant,
catalysts and a polyel. The resulting mixture was cast in a
mold and the foams were allowed to free rise. In all
formulaticns, one part of silicone surfactant and twenty
parts of ‘trichloroflucromethane blowing agent were emploved.
Other ingredients employed, amounts thereof and reactivity
profiles of the formulations are presented in Table II,
below. Infrared spectrascopic analyses of the foams indicate
the presence 6f carbodiimide, isocyanurate and urethane

linkages.
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Examples XXVI - IXXT

Foams were prepared employing the catalyst systam
of the subject invention and a typical catalyst system ‘
employed in the prior art. As the data in Table III indicate,.
the systems of the subject invention are superior in re-
activity és compared to those of the prior art. 1In additicen
the systems of the preéent invention allow for the preparaticn
of foams at ambient temperature conditions.

All formulations employed 100 parts of CMDI, one
part of 5.S., one part of ethylene glycol, 20 parts of F-113
and 20 parts of Polyol A. The catalysts employed and re-

activities of the formulations are presented in Table III.
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r Examples XXXI -~ XXXVI

A series of foams was prepared in the manner
described in the pravious Examples. The ingredients,
amounts thereof and Properties of the resulting foams are

5 Presented in Table IV below.
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Elaims: ' I
1. A process for the preparation of foams

characterized by carbodiimide and isocyangiate linkages
comprising catalytically condensing an cr%anic polyiso-
cyanate in the presence of a catalytiéally sufficient amount
of (a) a compound which promotas the carbodiimide reaction
and (b) a C,~-C3 alkali metal carboxylate.

2. The process of claim 1 wherein (b) is
potaésium acetate. T

3. The process of claim 1 wherein (b) is
potassium formate.

4. The process of claim 1 wherein (b) is
potassium 2-ethylhexanocate.

5. The process of claim 1 wherein the organic
polyisocyanate is selected from the group consisting of

toluene éiisocyanate, methylene diphenyl diisocyanate,

polyphenyl polymethylene polyisocyanate and mixtures thereof.

Pd

6. The process of claim 1 wherein the carbodi-
imide-promoting catalyst is furfuryl alcohol or methanol.
7. The process of claim 1 wherein the carbodi-
imide-promoting catalyst is 2,4-bis(diethylamino)-6-N-
methylethanolamino-s-triazine.
8. The process of claim 1 carried out in the

presence of from 5% to 70% by weight based on the weight of

~ the organic polyisocyanate of a polyol having an average

functionality of 2 to 8 and an average hydroxyl equivalent

of from about 100 to 1500. J

o
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